A long-and large-range heavy dust episode occurred from 3 to 8 May 2017 in China. To explore the impacts of this long-range dust transport episode on the chemical compositions and size distributions of urban aerosols, such instruments as an online analyzer for monitoring aerosols and gases (MARGA) and a wide-range particle spectrometer (WPS) were mainly used to monitor chemical components, such as PM 2.5 and aerosol size distributions in the range of 10 nm to 10 µm, in Nanjing in this study. During the dust episode, the average concentrations of PM 2.5 and PM 10 and ions of Ca 2+ , Mg 2+ , Cl − , SO 4 2− , NO 3 − , and NH 4 + were 66.2, 233.9, and 1.1, 1.5, 1.1, 11.4, 7.8 and 4.4 µg·m −3 , which were 4.4, 5.8, 3.7, 15, 1.38, 1.84, 1.66 and 1.83 times higher than the values observed before the episode and 2.2, 3.3, 5.5, 5.0, 1.57, 1.97, 1.39 and 1.69 times the levels after the episode. The dusts were demonstrated to have differential impacts on the water-soluble gases in the air. During the dust episode, the concentrations of HCl, SO 2 and NH 3 were comparably low, while the HNO 2 and HNO 3 concentrations were high. The diurnal variations in pollutants, including SO 2 , HNO 3 , Cl − , Ca 2+ , Mg 2+ , PM 2.5 and PM 10 , were strongly impacted by the dust episode. However, those variations in NH 3, NO 3 − , SO 4 2− and NH 4 + were only slightly influenced. Pollutants were distinctively featured in the various dust stages. The concentration of HNO 2 was relatively high in the earliest stage but was substituted by those of SO 2 , PM 10 , PM 2.5 , Ca 2+ , Mg 2+ HNO 3 and Cl − in the explosion stage. The aerosol number concentrations exhibited unimodal distributions in the earliest and explosion stages but showed bimodal distributions in the duration and dissipation stages. Additionally, the aerosol size distributions were observed to shift to larger particle segments in different dust stages. The surface area concentrations exhibited four peaks in different dust stages and exhibited trimodal distributions in the non-dust episode. The surface area concentration of fine particles first increased during the earliest stage, while that of coarse particles first decreased during the dissipation stage.
Introduction
As one of the major components of atmospheric aerosols, dust aerosols account for 50% of global aerosols [1, 2] . Dust aerosols can influence the energy balance of the Earth's atmosphere by absorbing urban aerosols' chemical compositions and size distributions, such instruments as an online analyzer for monitoring aerosols and gases (MARGA) and a wide-range particle spectrometer (WPS) were mainly used to monitor aerosol chemical components, such as PM 2.5 and size distributions in the range of 10 nm to 10 µm, in Nanjing in this study. This dust episode was divided into four stages, including I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Consequently, the aerosol chemical components and size distributions at different dust stages were also discussed.
Materials and Methods

Data Origins
The PM 2.5 and PM 10 concentration data were mainly obtained from the national urban air quality real-time release platform of the China National Environmental Monitoring Center (http://106.37.208.233:20035/) with a time resolution of 1 h. Aerosol size distribution and water-soluble ions (WSIs) were measured from the top of the Meteorological building at Nanjing University of Information Science and Technology (NUIST, Figure 1 ) with an altitude of 40 m. Meteorological data were from the observation, training and practice base of the China Meteorological Administration (Nanjing) on the campus of NUIST at a 1 h time resolution. The observation period was from 1 to 10 May 2017.
Atmosphere 2019, 10, 68 3 of 15 over 3 consecutive days during this episode. To explore the impacts of this long-range dust transport episode on the urban aerosols' chemical compositions and size distributions, such instruments as an online analyzer for monitoring aerosols and gases (MARGA) and a wide-range particle spectrometer (WPS) were mainly used to monitor aerosol chemical components, such as PM2.5 and size distributions in the range of 10 nm to 10 μm, in Nanjing in this study. This dust episode was divided into four stages, including I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Consequently, the aerosol chemical components and size distributions at different dust stages were also discussed.
Materials and Methods
Data Origins
The PM2.5 and PM10 concentration data were mainly obtained from the national urban air quality real-time release platform of the China National Environmental Monitoring Center 
Instruments
A Wide-Range Particle Spectrometer (WPS, MSP Corporation model 1000XP) was used to measure aerosol number concentrations for sizes ranging from 10 nm to 10 μm with a time resolution of 5 min. This instrument combines the principles of differential mobility analysis (DMA), condensation particle counting (CPC) and laser light scattering (LPS). DMA and CPC are used for measuring particles in the size range of 10-500 nm, and LPS is used for measuring particles in the range of 0.35 to 10 μm. Concentrations in the cross-measurement range (0.35-0.5 μm) have 
A Wide-Range Particle Spectrometer (WPS, MSP Corporation model 1000XP) was used to measure aerosol number concentrations for sizes ranging from 10 nm to 10 µm with a time resolution of 5 min. This instrument combines the principles of differential mobility analysis (DMA), condensation particle counting (CPC) and laser light scattering (LPS). DMA and CPC are used for measuring particles in the size range of 10-500 nm, and LPS is used for measuring particles in the range of 0.35 to 10 µm. Concentrations in the cross-measurement range (0.35-0.5 µm) have discrepancies due to their different principles. Instrument details can be found in Wang et al. [38] . We used a drying tube in the sheath air inlet section to eliminate the effects of high relative humidity (RH) on the data. Parts of invalid data were rejected, as well, and 2198 groups of number spectra data in total were derived from the observation.
A model ADI 2080 online analyzer for monitoring for aerosols and gases (MARGA, Applikon Analytical B.V., Netherlands) [39] was employed to obtain gases and water-soluble ions. The MARGA detection system has the ability to measuring mass concentrations of major water-soluble inorganic ions in aerosols (NH 4 + , Na + , K + , Ca 2+ , Mg 2+ , SO 4 2− , NO 3 − , Cl − ) and trace gases (HCl, HNO 2 , SO 2 , HNO 3 , NH 3 ) at a 1 h time resolution. Instrument details can be found in the cited references [40, 41] . Two hundred twenty-eight groups of data were derived for the chemical components, while the HCl, Ca 2+ , Mg 2+ , Cl − , Na + and K + data had missing measurements of 76, 70, 58, 44, 220 and 213 groups, therefore, the Na + and K + data were not discussed in this paper.
Air Mass Backward Trajectories
Air mass backward trajectories over 48 h were calculated and presented in Figure 1 . The trajectories were simulated using the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model, which was developed by the National Oceanic and Atmospheric Administration (NOAA) Air Resources Laboratory (ARL) [42] . The backward trajectories were calculated at 12:00 (LST) and at 1000 m above the observation sites. The National Weather Service's National Centers for Environmental Prediction (NCEP) Global Data Assimilation System (GDAS) archive was used for meteorological input data.
Results and Discussion
General Characteristics of the Dust Episode
A heavy dust episode occurred from 3 to 8 May 2017 in China. Dusty weather occurred in several provinces and cities, including southern Xinjiang Basin, central and western Gansu, Ningxia, inner Mongolia, northern Shanxi, central and northern Shanxi, northern Hebei, Beijing, western Jilin, Southwestern Heilongjiang, Shandong, Jiangsu, Hubei and northern Hunan. Dust storms even occurred in some districts of inner Mongolia. The influence areas exceeded 1.63 million km 2 . An upward airflow that was generated by divergence at high altitudes and convergence near the ground in the sand source regions uplifted the dust into the air and transported it eastwards over northern China, where a downward airflow was generated below the altitude of 700 hPa due to convergence at high altitudes and divergence near the ground, which mainly resulted in this heavy dust episode. Besides for the southerly movement of a Mongolian cyclone, the YRD region was barely impacted by this long-range dust transport episode. Figure 2 illustrates that the concentrations of PM 10 and PM 2.5 were relatively low with average values of 40.5 and 15.0 µg·m −3 (Table 1 ) before the dust impacted Nanjing. From 1 to 3 May, Nanjing was characterized by large easterly wind with an average wind speed of 3 m·s −1 , a high RH with an average value of 65.8% and a mean visibility of 8.8 km. Two precipitation events occurred on 2 and 4 May, and the maximum hourly precipitation was 20.7 mm for the latter event. The PM concentrations decreased inordinately but were only scavenged slightly due to their low levels. However, the precipitation on 4 May had significant scavenging effects on WSIs in PM 2.5 , the concentrations of which were 29.8 and 5.4 µg·m −3 before and after the precipitation, respectively. After 4 May, the dominant wind was transferred from east to north, indicating the influence of the Mongolian cyclone. Around 13:00 on 5 May, Nanjing was initially impacted by a dust episode, resulting in a gradual PM increase. At 05:00 on 6 May, the PM10 concentrations explosively increased as the dust impacted Nanjing. By 11:00 on 6 May, the PM10 concentrations had increased by 315 μg·m −3 in 6 h with a maximum level of 481 μg·m −3 . The PM2.5 concentrations also increased from 49 to 88 μg·m −3 during the same time period. After that step, the PM concentrations were continuously high due to the constant influence of dust. Table 1 lists that the average concentrations of PM2.5 and PM10 were 66.2 and 233.9 μg·m −3 during the dust episode. A cold air occurred on 8 May, which featured a temperature decrease from 20 °C at 04:00 to 14.7 °C at 10:00 and a precipitation event. Consequently, the PM concentrations were reduced and maintained at lower levels with mean values of 30.1 and 70.8 μg·m −3 for PM2.5 and PM10, respectively, after this cold air. The impacts of dust pollution disappeared, as well. Figure 1 reveals that southeastern air masses were dominant at an altitude of 1 km in Nanjing from 1-4 May. On 5 May, the northerly air masses became dominant, leading to the initial influences of dust pollution on Nanjing. On 6 May and 7 May, the northwestern air masses, mostly from the sand source regions, were dominant, indicating a continuous impact of dust pollution. On 8 May, the southerly air masses dominated. The intersection of warm air masses rich in water vapor and inland air masses resulted in a precipitation event in Nanjing, indicating the end of dust pollution. On 9 May and 10 May, although the northerly air masses prevailed, the dust air masses moved into the ocean and had no impacts on the YRD region. Figure 2 displays that the WSI concentrations rapidly increased when the dust began to impact Nanjing, especially for those secondary ions of NH4 + , SO4 2− and NO3 − . Additionally, these WSIs varied in different dust stages. This long-range dust transport episode occurred after a strong precipitation event, which favors our discussion of the impacts of dust pollution on WSIs in PM2.5 and aerosol size distributions. Around 13:00 on 5 May, Nanjing was initially impacted by a dust episode, resulting in a gradual PM increase. At 05:00 on 6 May, the PM 10 concentrations explosively increased as the dust impacted Nanjing. By 11:00 on 6 May, the PM 10 concentrations had increased by 315 µg·m −3 in 6 h with a maximum level of 481 µg·m −3 . The PM 2.5 concentrations also increased from 49 to 88 µg·m −3 during the same time period. After that step, the PM concentrations were continuously high due to the constant influence of dust. Table 1 lists that the average concentrations of PM 2.5 and PM 10 were 66.2 and 233.9 µg·m −3 during the dust episode. A cold air occurred on 8 May, which featured a temperature decrease from 20 • C at 04:00 to 14.7 • C at 10:00 and a precipitation event. Consequently, the PM concentrations were reduced and maintained at lower levels with mean values of 30.1 and 70.8 µg·m −3 for PM 2.5 and PM 10 , respectively, after this cold air. The impacts of dust pollution disappeared, as well. Figure 1 reveals that southeastern air masses were dominant at an altitude of 1 km in Nanjing from 1-4 May. On 5 May, the northerly air masses became dominant, leading to the initial influences of dust pollution on Nanjing. On 6 May and 7 May, the northwestern air masses, mostly from the sand source regions, were dominant, indicating a continuous impact of dust pollution. On 8 May, the southerly air masses dominated. The intersection of warm air masses rich in water vapor and inland air masses resulted in a precipitation event in Nanjing, indicating the end of dust pollution. On 9 May and 10 May, although the northerly air masses prevailed, the dust air masses moved into the ocean and had no impacts on the YRD region. Figure 2 displays that the WSI concentrations rapidly increased when the dust began to impact Nanjing, especially for those secondary ions of NH 4 + , SO 4 2− and NO 3 − . Additionally, these WSIs varied in different dust stages. This long-range dust transport episode occurred after a strong precipitation event, which favors our discussion of the impacts of dust pollution on WSIs in PM 2.5 and aerosol size distributions. Table 1 ). The secondary ions that accounted for large proportions of the PM 2.5 concentrations had a weak increase range compared to those of PM 10 , which suggested that these ions were probably from local emissions and were weakly impacted by the dust episode. According to Table 1 , the RH during the dust episode (63.6%) was considerably lower than that before and after the dust episode. The conditions of low RHs were therefore detrimental to the formation of the secondary inorganic salt. Table 1 lists that the ratios of SO 4 2− /NH 4 + were 2.58, 2.59 and 2.23 before, during and after the dust, and were much lower than the results observed during the 2013 dust process in southeastern Italy [43] . Besides, the levels derived in our study were much lower than the stoichiometric ratios for ammonium sulfate (2.66) and ammonium bisulfate (5.38), indicating that ammonium is sufficient for completely neutralizing sulfate. The ratios of NO 3 − /NH 4 + were 1.96, 1.77 and 2.15 before, during and after the dust, respectively, which were smaller than the stoichiometric ratio for ammonium nitrate (2.44), indicating that there was a sufficient amount of ammonium to completely neutralize the nitrate. Simultaneously, the ratios of SO 4 2− /Ca 2+ before, during and after the dust (20.67, 10.36 and 29.0, respectively) were significantly larger than the stoichiometric value for CaSO 4 (2.4). The ratios of NO 3 − /Ca 2+ before, during and after the dust (15.67, 7.09 and 28.0, respectively) were significantly larger than the stoichiometric value for Ca(NO 3 ) 2 (3.1). This finding suggests that during the dust event, the dominant forms of secondary sulfate and nitrate are ammonium sulfate and ammonium nitrate, rather than calcium sulfate and calcium nitrate. Table 1 also reveals that the dust episode had different influences on soluble gases in the air. During the dust period, the gaseous concentrations of HCl, SO 2 and NH 3 were 0.8, 0.9 and 0.84 times the values observed before the dust. However, the HNO 2 and HNO 3 concentrations during the dust were elevated and were 2.04 and 1.5 times larger than those before the dust. Nie et al. [41] discovered the phenomena of dust-promoted particle nucleation and growth along with HONO production at Mt. Heng. During the dust episode, the acidic gases, comprising of HCl, HNO 2 , HNO 3 and SO 2 , were 1.33, 1.31, 1.33 and 3.63 times higher than the values observed after the dust. However, the amount of alkaline gas of NH 3 during the dust was 0.85 times the value after the dust. Although the northerly air masses were uniformly dominant during and after the dust, they were comparably clean for the latter after a strong cold air process (Figure 1 ). In addition, acidic gases are likely to participate in reactions under rich alkaline conditions. Consequently, the acidic gases had lower concentrations after the dust. Table 2 illustrates that the impacts of this dust episode on PM concentrations in the YRD region were similar to those during previous episodes. The PM 2.5 concentration influenced by the dust in Nanjing was analogous to those in Shanghai and Nanjing during the dust episode on 26 and 27 April 2010 [36, 44] . but was higher than the level impacted by the dust during 1 to 5 May 2011 in Nanjing [45] . The PM 10 concentration during this episode was similar to that during the 2010 episode and was lower than the value during the 2010 episode. During the dust episode of 2010, the PM levels in Shanghai were smaller than those in Nanjing. By comparison, the PM 2.5 concentration had a maximum value of 637.9 µg·m −3 at the dust source of Tongyu and was 242.5 µg·m −3 , 116.15 µg·m −3 and 137.6 µg·m −3 in Chengdu, Beijing and Xi'an, respectively. This fact confirmed that the PM concentrations decreased constantly during the long-range dust transport episode. During the dust episode of 2010, the WSI concentrations in PM 2.5 in Shanghai were larger than values in Nanjing, especially for those of SO 4 2− , NH 4 + , Mg 2+ and Ca 2+ , which were 1.17, 1.93, 1.82 and 1.39 times higher. The various pollutant sources in different cities resulted in this phenomenon. The Cl − concentrations had little discrepancy between this dust episode and the other dust episodes in the YRD region, suggesting a weak impact of the dust on city Cl − levels. However, the Cl − concentration in our study was 0.58, 0.37 and 0.5 times the levels in Tongyu, Chengdu and Xi'an, respectively, which revealed that the long-range dust transport episode probably increased the Cl − concentration. The ions of NO 3 − and NH 4 + had the largest differences between distinct dust processes, and the SO 4 2− was impacted slightly by different dust episodes. These secondary ions that are capable of reacting at the surface of dusts may have more complex sources and variations during a dust episode. The Ca 2+ and Mg 2+ concentrations were positively related to the impact scope and transportation speed of the dust. Figure 3 shows that the diurnal variations of PM 2.5 and PM 10 were similar during the dust, peaking between 04:00 and 13:00 when the dust had the strongest influence. The diurnal variations of SO 2 , HNO 3 , Cl − , Mg 2+ and Ca 2+ were uniformly identical with those of the PMs, suggesting an impact from the foreign transportation process. Figure 4 exhibits that the wind speed during the dust episode was smaller than that during the non-dust episode, and simultaneously, the trajectories during the dust were mostly short (Figure 1 ). Low wind speeds exacerbated the PM pollution and led to a sharp decrease in visibility. The visibility during the dust episode was much lower than that during the non-dust episode and decreased to its minimum value between 08:00 and 12:00 when the PM concentrations were the highest. Figure 3 shows that the diurnal variations of PM2.5 and PM10 were similar during the dust, peaking between 04:00 and 13:00 when the dust had the strongest influence. The diurnal variations of SO2, HNO3, Cl − , Mg 2+ and Ca 2+ were uniformly identical with those of the PMs, suggesting an impact from the foreign transportation process. Figure 4 exhibits that the wind speed during the dust episode was smaller than that during the non-dust episode, and simultaneously, the trajectories during the dust were mostly short (Figure 1 ). Low wind speeds exacerbated the PM pollution and led to a sharp decrease in visibility. The visibility during the dust episode was much lower than that during the non-dust episode and decreased to its minimum value between 08:00 and 12:00 when the PM concentrations were the highest. Figure 3 reveals that the secondary inorganic ions, comprising of NO3 − , SO4 2-and NH4 + , had stable diurnal variations during the dust episode. These secondary ions were not the major components of the dust and were difficult to generate under low RH conditions during the dust.
Impacts of Dust on Aerosol Chemical Components
The diurnal variation of NH3 was impacted slightly by the dust episode, the peak of which was merely delayed by 2 h, according to Figure 3 . The HNO2 peak occurred during the nighttime and had a similar diurnal variation to that of RH, suggesting that its source originated from a gas-liquid heterogeneous reaction on the surface of the dust. 
Variations of Chemical Components in the Different Developing Stages of Dust
To better discuss the impacts of the dust episode on aerosol components, four developing stages of dust were determined in this study. I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Additionally, the non-dust period was classified into rainy days and sunny days. The diurnal variation of NH 3 was impacted slightly by the dust episode, the peak of which was merely delayed by 2 h, according to Figure 3 . The HNO 2 peak occurred during the nighttime and had a similar diurnal variation to that of RH, suggesting that its source originated from a gas-liquid heterogeneous reaction on the surface of the dust.
To better discuss the impacts of the dust episode on aerosol components, four developing stages of dust were determined in this study. I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Additionally, the non-dust period was classified into rainy days and sunny days. Figure 5 presents the variations of air pollutants during the different developing stages of dust. The concentrations of SO 2 , PM 10 , PM 2.5 , Ca 2+ and Mg 2+ were comparably high in the explosion and duration stages and were low in the earliest and dissipation stages. The PM concentrations during the dust episode were uniformly higher than the values during the non-dust episode. The variations of Ca 2+ and Mg 2+ ions conformed to those of the PMs. The SO 2 concentration was the lowest in the earliest dust stage but was higher on rainy and sunny days compared to the levels from the dissipation dust stage. HNO 2 had relatively high concentrations during the earliest and duration stages, which affirmed the results of Nie et al. [50] from 2009 at Mt. Heng. HNO 3 had the highest concentration in the explosion and duration stages and had low values in the earliest and dissipation stages. The concentrations of HCl had slight discrepancies during different stages of dust, suggesting weak impacts from the dust episode. 
To better discuss the impacts of the dust episode on aerosol components, four developing stages of dust were determined in this study. I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Additionally, the non-dust period was classified into rainy days and sunny days. The ion concentration of Cl − was much larger during the explosion stage as compared to the levels in other dust stages, which demonstrated that Cl − was affected greatly by the foreign transport process in the explosion stage and by local emissions in other stages. The sources of Cl − in the air were complex and mostly the result of coal burning, waste incineration [51] , and the long-range transport of sea salt [52] . Figure 5 shows that the Mg 2+ concentration was the highest in the explosion stage. Continiet et al. [53] discovered that the sea salt was abundant in ions of Na + , Cl − and Mg 2+ , which illustrated that the Cl − during the dust may be from the long-range transport of sea salt. Figure 1 shows that the air masses during the observation period were mainly from the ocean, which resulted in the equivalent Cl − concentrations observed on rainy and sunny days.
The secondary WSIs had large discrepancies between different dust stages. The SO 4 2− concentration was ranked in the order of the duration stage > the earliest stage > the explosion stage > the dissipation stage. In addition, SO 4 2− had higher concentrations during the dust episode as compared to the levels during the non-dust episode, suggesting a foreign transport process of SO 4 2− .
Moreover, SO 4 2− was weakly impacted by the precipitation event, resulting in the minor concentration discrepancy observed between rainy and sunny days. The NO 3 − concentration was much higher in the duration stage as compared to values in other dust stages, and simultaneously, it exhibited few differences between the explosion and dissipation dust stages and the non-dust episode. Figure 6 displays the size distribution of aerosol number concentration during the different dust stages. During the earliest stage, the number concentration spectrum had the lowest peak level and the largest peak width at 20-100 nm. During the explosion stage, the spectrum had a unimodal distribution and exhibited its highest peak value at 30-35 nm. During the duration and dissipation stages, the spectra distributions were bimodal and peaked at 30-40 nm and 90-100 nm in the duration stage and at 40-50 nm and 90-100 nm in the dissipation stage, respectively. During the non-dust episode, the spectrum distribution was unimodal, peaking at 25-30 nm on rainy and sunny days. The number concentration spectra moved inordinately to larger particle segments in different dust stages. [50] from 2009 at Mt. Heng. HNO3 had the highest concentration in the explosion and duration stages and had low values in the earliest and dissipation stages. The concentrations of HCl had slight discrepancies during different stages of dust, suggesting weak impacts from the dust episode.
Aerosol Size Distributions at Different Developing Stages of Dust
The ion concentration of Cl − was much larger during the explosion stage as compared to the levels in other dust stages, which demonstrated that Cl − was affected greatly by the foreign transport process in the explosion stage and by local emissions in other stages. The sources of Cl − in the air were complex and mostly the result of coal burning, waste incineration [51] , and the long-range transport of sea salt [52] . Figure 5 shows that the Mg 2+ concentration was the highest in the explosion stage. Continiet et al. [53] discovered that the sea salt was abundant in ions of Na + , Cl − and Mg 2+ , which illustrated that the Cl − during the dust may be from the long-range transport of sea salt. Figure 1 shows that the air masses during the observation period were mainly from the ocean, which resulted in the equivalent Cl − concentrations observed on rainy and sunny days.
The secondary WSIs had large discrepancies between different dust stages. The SO4 2− concentration was ranked in the order of the duration stage > the earliest stage > the explosion stage > the dissipation stage. In addition, SO4 2− had higher concentrations during the dust episode as compared to the levels during the non-dust episode, suggesting a foreign transport process of SO4 2− . Moreover, SO4 2− was weakly impacted by the precipitation event, resulting in the minor concentration discrepancy observed between rainy and sunny days. The NO3 − concentration was much higher in the duration stage as compared to values in other dust stages, and simultaneously, it exhibited few differences between the explosion and dissipation dust stages and the non-dust episode. Although the PM 10 concentrations elevated sharply during the dust period, the aerosol number concentration during the whole period was mainly focused at 10-500 nm, which accounted for 99% of the total number concentration ( Figure 6 ). The coarse mode particle aerosols had high growth multiples, although their number concentrations were low (100 cm −3 ·nm −1 ). For example, in the explosion stage, the aerosol number concentrations at 10-800 nm were 0.88-2.43 (with an average of 1.60) and 0.87-2.48 (with an average of 1.45) times the values on rainy days and sunny days; however, the concentrations at 800 nm-10 µm were 5.01-53.87 and 4.10-14.02 times larger than the values on rainy and sunny days. Figure 7 displays the size distribution of aerosol surface area concentrations during the different dust stages. The surface area concentrations of aerosol exhibited four peaks at different dust stages and trimodal distributions during the non-dust episode. The peaks in the earliest dust stage were similar to those in non-dust episode, except for particles of 2 to 5 µm impacted by the dust. During the explosion, duration and dissipation stages, the first peaks were uniformly located at 150-160 nm, which shifted to fine particle segments compared to those of the non-dust episode. The peaks of surface area concentration were intensively impacted by the different dust stages. The peaks at 230 nm and 520 nm were affected greatly during the earliest stage. In the explosion stage, the peaks at 2-7 µm had the largest values and reached 241 µm 2 ·cm −3 ·nm −1 at 3.7 µm, which was 13.6, 4.9 and 5.5 times larger than the levels on sunny days and during the earliest and dissipation dust stages, respectively. The four peaks during the duration stage were generally high with a maximum value of 864 µm 2 ·cm −3 ·nm −1 at 150 nm. The size distribution during the dissipation stage was similar to that of the duration stage with the exception of a descendent peak value at 2-7 µm. In conclusion, the surface area concentration of fine particles first increased when the dust periphery reached Nanjing. During the explosion dust stage, the surface area concentrations of coarse particles increased sharply, resulting in a rapid decrease of visibility. In the duration stage, the surface area concentrations reached their maximum values, and the particles at the whole sizes rapidly increased, leading to the worst air quality. During the dissipation stage, the surface area concentrations of coarse particles decreased, while the fine particles maintained high levels, suggesting an impact of the dust on fine particles.
Atmosphere 2019, 10, 68 11 of 15 Figure 6 displays the size distribution of aerosol number concentration during the different dust stages. During the earliest stage, the number concentration spectrum had the lowest peak level and the largest peak width at 20-100 nm. During the explosion stage, the spectrum had a unimodal distribution and exhibited its highest peak value at 30-35 nm. During the duration and dissipation stages, the spectra distributions were bimodal and peaked at 30-40 nm and 90-100 nm in the duration stage and at 40-50 nm and 90-100 nm in the dissipation stage, respectively. During the non-dust episode, the spectrum distribution was unimodal, peaking at 25-30 nm on rainy and sunny days. The number concentration spectra moved inordinately to larger particle segments in different dust stages.
Although the PM10 concentrations elevated sharply during the dust period, the aerosol number concentration during the whole period was mainly focused at 10-500 nm, which accounted for 99% of the total number concentration ( Figure 6 ). The coarse mode particle aerosols had high growth multiples, although their number concentrations were low (100 cm −3 ·nm −1 ). For example, in the explosion stage, the aerosol number concentrations at 10-800 nm were 0.88-2.43 (with an average of 1.60) and 0.87-2.48 (with an average of 1.45) times the values on rainy days and sunny days; however, the concentrations at 800 nm-10 μm were 5.01-53.87 and 4.10-14.02 times larger than the values on rainy and sunny days. Figure 7 displays the size distribution of aerosol surface area concentrations during the different dust stages. The surface area concentrations of aerosol exhibited four peaks at different dust stages and trimodal distributions during the non-dust episode. The peaks in the earliest dust stage were similar to those in non-dust episode, except for particles of 2 to 5 μm impacted by the dust. During the explosion, duration and dissipation stages, the first peaks were uniformly located at 150-160 nm, which shifted to fine particle segments compared to those of the non-dust episode. The peaks of surface area concentration were intensively impacted by the different dust stages. The peaks at 230 nm and 520 nm were affected greatly during the earliest stage. In the explosion stage, the peaks at 2-7 μm had the largest values and reached 241 μm 2 ·cm −3 ·nm −1 at 3.7 μm, which was 13.6, 4.9 and 5.5 times larger than the levels on sunny days and during the earliest and dissipation dust stages, respectively. The four peaks during the duration stage were generally high with a maximum value of 864 μm 2 ·cm −3 ·nm −1 at 150 nm. The size distribution during the dissipation stage was similar to that 
Conclusions
A large-range heavy dust episode occurred from 3 to 8 May 2017 in China, with an influence area exceeding 1.63 million km 2 . Along with the southerly movement of a Mongolian cyclone, the YRD region was seldom impacted by this long-range dust transport episode. The PM and WSIs elevated inordinately during the dust episode. The average concentrations of PM 2.5 , PM 10 This dust episode was divided into four stages. I: the earliest stage, II: the explosion stage, III: the duration stage, and IV: the dissipation stage. Additionally, the non-dust period was classified into rainy days and sunny days. The concentrations of SO 2 , PM 10 , PM 2.5 , Ca 2+ and Mg 2+ were comparably high during the explosion and duration stages. HNO 2 had relatively high concentrations during the earliest and duration stages. HNO 3 had the highest concentration during the explosion and duration stages. The ion concentration of Cl − was much larger during the explosion stage as compared to the levels at other dust stages. The concentrations of HCl, NO 3 − , SO 4 2− and NH 4 + had minor discrepancies between different dust stages. During the earliest stage, the number concentration spectrum had the lowest peak level and the largest peak width at 20-100 nm. During the explosion stage, the spectrum had a unimodal distribution and had the highest peak value at 30-35 nm. During the duration and dissipation stages, the spectra distributions were bimodal, which peaked at 30-40 nm and 90-100 nm during the duration stage and at 40-50 nm and 90-100 nm during the dissipation stage, respectively. The surface area concentrations exhibited four peaks during different dust stages and trimodal distributions during the non-dust episode. The surface area concentrations of fine particles increased first, and those of coarse particles also ultimately increased when the dust affected Nanjing. However, the surface area concentrations of the coarse particles first decreased during the dissipation stage.
